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Abstract 
Microrheology studies are based on Brownian motion (BM) of particles. The main 
causes of BM are thermal fluctuation and viscosity of medium. One of the 
microrheological methods is single probe study using Optical Tweezers (OT) to 
extract information about the material characteristics. The OT uses single particle, 
which undergoes BM. For analysis of the BM, we need Power Spectrum Density 
(PSD). Therefore, this paper discuss on the simulation of the PSD calculation of 
single particle in liquid. We generate random number, which represent the 
displacement of the particle for on allocated period of time. The PSD is calculated 
using Origin Pro 9.1. The resulted PSD is useful for further investigations, for 
example in characterization of storage and loss modulus of a material. 
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INTRODUCTION 
 
Microrheology is the field of exploring rheological properties of materials at the micro-
sized scale. Microrheology technique has been widely used in the analysis of complex fluid or 
viscoelastic materials in micro-sized, such as emulsions, suspensions and polymer solutions. [1]. 
Microrheology theory was established earlier by Einstein-Stokes and later revised by Mason 
and co-workers. [2] The theory approximated the behaviour of the Brownian motion (BM) of 
particles using the second Newton’s law of motion. One of the microrheology techniques is the 
utilization of Optical Tweezers (OT). OT acts as a probe in the materials under the 
investigations to trap a single particle that undergoing BM. The motion of the probe in one axis 
of freedom represented by particle displacement, x, subject to stochastic force, Fs, on the probe 
due to thermal fluctuation is described by the following relation: 
mx
..
+g x
.
+ kx = Fs (t)       (1) 
Where m is the mass of the probe [kg], is the drag coefficient [kg/s] and k  is the stiffness of 
the optical trap [N/s]. The solution of Equation (1) via power spectrum is given by 
| x
~
(w) |2 =
| Fs (w) |
2
(mw 2 - k)2 +g 2w 2
=
4gkBT
(mw 2 - k)2 +g 2w 2
   (2) 
where kB is Boltzmann constant [J/K] and T is the absolute temperature [K]. [3]   
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Equation (2) describes the Brownian motion due to only thermal driven force. We can 
deduce that at low frequency region, the denominator of the equation resulted in constant value. 
Meanwhile, the value significantly decreases at high frequency region. However, this behavior 
is only valid in the solution where a mechanical property does not change greatly in the wide 
range of frequency response. In the materials where viscosity and elasticity are significant the 
values also change accordingly giving the information about the physical structure of the 
material at microscopic level [4]. 
 
 
Figure 1. Pattern of the Equation (2) for the varying frequencies. 
 
Figure 1 shows the graph from Equation (2) with the following parameters: k = 10
-2
 
N/m;  = 2.9106  kg/s; Rate sampling, fs =2.5 MHz; Number of data, N = 10
4
. The magnitude 
of power spectrum was flat at low frequencies and it decreases a high frequencies. It has mean 
the power spectrum at low frequencies contributed by temperature and stiffness constant of 
particle. At high frequencies, the power spectrum will be informed how the response of particle 
to the drive frequencies. 
 
Many studies have reported on the finding resulted from Equation (2) [3,4,5]. However, 
less detail has been shown to demonstrate clearly how calculation was done. This becomes the 
problem for novice researchers to understand and analyze their data to get the meaningful result. 
Therefore, in this paper we explain the detail calculation of the BM resulting in Power Spectrum 
Density (PSD). We simulate the motion of a single particle, as a probe in OT or any 
microrheology technique. The simulation is expected to provide benefit researchers in 
microrheology study in order to understand how the equation of motion leads to physical 
interpretation of BM. 
10
3
10
4
10
5
10
-24
10
-23
10
-22
10
-21
Log Scale Fitting Equation (2)
Frequencies (Hz)
M
ag
n
it
u
d
e 
(m
2
/H
z)
  Proceeding of  International Conference On Research, Implementation And Education  
Of Mathematics And Sciences 2014, Yogyakarta State University, 18-20 May 2014   
       
 
 
P-81 
DISCUSSION 
 
In order to simulate the PSD calculation, we generate raw data using random function in 
Microsoft Excel. The data represents the random displacement of a trapped particle from its 
equilibrium point in an optical trap due to the thermal fluctuations. We describe step by step 
how we do the simulation. 
 
Random Number Generation 
 
 
Figure 2. The syntax is to generate random number using Microsoft Excel 
TM
. 
 
One of the simplest technique to generate series of random number is using easily available 
Microsoft Excel
 TM
 software. The syntax command is RAND()*(b-a)+a, where a is the low 
value and b is the high values. We generate a series of 10,000 random numbers of lower and 
upper limits of -1 to 1. The sign of the generated number represents the displacement direction 
from equilibrium point, to the right or left in one dimension.  Figure 2 shows the syntax is 
written in the formula field of cell. Once, the formula is inserted for first cell, further numbers 
are generating by simply dragging down the bottom left side of the first cell until 10,000 
numbers are generated. 
 
Dimension Assignment 
 
The generated numbers are dimensionless. Therefore, we assign the unit and logical factor 
to simulate the actual particle motion. We multiplied the data number cell by the factor of 10
-6 
s 
for time of measurement and multiplied it by the factor of 10
-9 
m for particle displacement. 
Figure 3 shows how we did the multiplication. These two columns represent the particle 
displacement in the function of time. 
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Figure 3. Data generation is BM of a trapped particle. 
 
PSD Calculation 
 
 The BM was in time domain, now it can be transformed into frequency domain in the 
form of PSD. For that purpose we used Origin Pro 9.1 
TM
 software. We have chosen Sum 
Squared Amplitude (SSA) on the menu option to represent the peak magnitude for each 
frequency in the length of data sequence or data recorded. We display one sided spectrum or 
frequencies to compute the Power Spectrum Density (PSD). 
 
 
Figure 4. Menu PSD is chosen in Origin Pro 9.1 
TM
. 
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Figure 5. Setting in the signal processing window. We have chosen sampling rate to be  410-7 seconds 
and the windowing type to be rectangular. 
 
 
Figure 6. There are three options to normalize power. Since we want to understand the peak of energies 
distribution, we choose Sum Squared Amplitude (SSA). 
 
We have generated a series of random number, which represent the displacement of the 
particle for on allocated period of time. The motion of a trapped particle depicted in Figure 7. 
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Figure 7. Simulation is the motion of a trapped particle. 
 
The random nature of the motion is clearly simulated. The displacement fluctuation 
contains physical characteristics of the surrounding medium. The analysis of BM was done 
using Power Spectrum Density (PSD). FFT calculation resulted in a series data of frequencies 
domain, also known as spectrum frequencies. In the real-world, the spectrum frequencies are 
displayed in positive half. The spectrum is symmetrical around at DC component, so the 
negative frequency information is redundant. Another important quantity is the magnitude of 
power spectrum. The power spectrum is the sum squared amplitude for every frequency while 
no phase information. The phase information yield is the phase relative to begin of the signal at 
time domain.  
 
The power spectrum computed using following 
 
Power Spectrum 
2
)(*)(
)(
N
FFTFFT
PS A



     (3) 
 
where FFT*( ) is the complex conjugate of FFT ( ). 
 
To calculate the PSD, the OriginLab Pro 9.1 
TM
 following relation  
 
)__)((
)(
)(
windowofNPBf
PS
PSD A



      (4) 
 
where f is the resolution of frequency, the NPB_window is the window of noise bandwitdh 
which is preselected by user. [4] 
 
 
f is chosen based on the Nyquist criteria as follow 
 
,
1
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f
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
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        (5)
 
  Proceeding of  International Conference On Research, Implementation And Education  
Of Mathematics And Sciences 2014, Yogyakarta State University, 18-20 May 2014   
       
 
 
P-85 
with t is time interavel [s] and fs is the rate sampling (Hz) 
Based on the guidelines above, the simulated BM is transformed using the following 
parameters: the NPB_window is rectangular, N = 10,000 and fs = 2.5 MHz. The result is shown 
in Figure 8.  
 
Figure 8. The PSD is result from the data Figure 7. 
 
The Figure 8 gives information the resolution of frequencies; it is following Equation 
(5). The resolution of frequency is 250 Hz. We can increase the resolution frequencies of the 
PSD by appending number of data in the time domain. However, this procedure requires more 
time and computer memory to calculate it. The other alternatif is by maintaining data number 
and reducing time interval. 
  
 
Figure 9. PSD for 3 separately generated BM data. 
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We generated another 2 sets of BM data. The PSD of these data is put together with 
prior  set of data in Figure 9. The randomness of these data shows the same pattern. The PSD 
represent the real BM within OT. The collisions between particles in a medium become more 
frequent as the surrounding temperature increases. By using the PSD, we can calculate the 
contribution of the BM to explore the mechanical properties of particles. One of the mechanical 
properties is complex shear modulus [7]. The complex shear modulus can be obtained from the 
response of particle under stress. The particle will give response unique to change environment.  
 
CONCLUSION 
 
We have calculated the BM using PSD with modes are Sum Squared Amplitude (SSA) and 
rectangular window. These modes have function to displays peaks of distribution energies and 
to decrease the leakage signal of the BM. The distributions of energy in the BM can be included 
within the analysis behavior of particle under constant stress. 
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